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void MyPPSO 



{ 



for (;;) 
{ 

if (P 0) 



x = f1 0; 

y = gi 0; 



else 



x = f2 0; 

y = g2 0; 

z = h (x,y); 
290 



} 



FIG. 3A 



void l\/lyPPS2() 
{ 

for (;:) 
{ 

if (P {)) 
{ 

x1 = fl 0; 
yi = gi 0: 

} 

else 

{ 

x2 = f2 0; 
y2 = g2 0; 

} 

X = phi (x1, x2); 
y = phi (y1,y2) 
z = h (X, y); 

} 

} 400 
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void MyPPS2_Stage1 () 



for (;;) 



if (P 0) 
{ 

0 = 1; 
x = f1 0; 



{ 



else 

0 = 2; 
x = f2 0; 

} 

Send_To_Stage2 (c, x); 

310 




X, c 



void MyPPS2_Stage2 () 



{ 



for (;;) 



Receiv6_From_Stage1 (&c, &x); 
if (C ==1) 



{ 



y = gi 0; 



else 

y = g2 0; 

z = h (x,y); 



320 
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(1)if(P()) I 



(2) x1 = f1 0; 



I 



(4) x2 = f2 0: 



I 



(3)yr=g1 ();| |(5)y2 = g2 ();| 



1 



(6) x= phi(x1.x2)ri 



(7) y= phi (y1. 72)71 



i 



(8)z = h2 (X, y);! 420 



FIG. 5 
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600 







Construct a flow network 
model from a sequential network application 






Select balanced, minimum cuts in the flow 
network to form preliminary pipeline stages 






Modify preliminary pipeline stages to transmit " 
live set data and control flow to form D-pipeline 
stage of a parallel network 
application 







602 



660 



700 



End 
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From 602 




Build control flow graph (CFG) for the 
loop body of original program 



Form strongly connected components 
(SCC) and a summary graph of the CFG 



Build the dependence graph (DG) 
based on the summary CFG 



Form strongly connected components 
(SCC) and summary graph of the DG 



Construct the flow network based on 
the summarized DG 



I 




FIG. 10 
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( From] 



Assign a unique source node and a unique sinl< node 
to the flow networl< model 



Add a program node to the flow network model for 
each SSC node identified In the summary graph 
oftheDG 

\ 



Add a variable node to the flow network model for 
each variable that is defined and used by multiple 
program nodes 



T 



Add a control node C to the flow network model 
for each SSC node identified in the summary graph 
of the DG graph as a source of control 
dependence 



Generate edges having an associated weight to 
connect con^esponding program nodes to 
corresponding variable nodes 



T 



Generate edges an associated weight to connect 
corresponding program nodes to corresponding 
control nodes 



T 



Generate edges between the program nodes and 
one of the source node and the sink node 



Return 



FIG. 11 
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C From 6lF > 



Add a unique source node and a unique sink 
node to the flow networl< 



X 



For each SCC node in the summarized DG, 
add a program node n to the flow network 



For each variable that is denied and used by 
different program nodes, add a variable 
node i/to the flow network 



T 



X 



For each program node /7that defines variable 
node V, add a definition edge n -> i/with 
weight VCostXo the flow network 



For each program node nthat use variable 
node V, add an edge \i-> n with weight (or 
capacity) of Infinity \o the flow network 



T 



For each program node /7that has an associated 
control node c, add a definition edgen-> c 
with weight CCostXo the flow network 



T 



638 



/ 



640 



642 



For each SCC node in the summarizing DG 
that is the source of the control dependence, 
associate a control node c with it and add cto 

the flow network 



644 



646 



648 



/ 



650 



For each program node /7that has (direct or 
transitive) control dependence on another 
program node m, and m is associated control 
node c, add an edge c-> n with weight Infinity 
to the flow network 



652 



For each program node n that has no 
predecessors in the flow network, add an edge 

source -> n with weight Oto the flow network 



654 



636 



656 



For each program node 

n that has no 
successors in the flow 

network, add an edge 
n-> s/Mwith weight 0 

to the flow network 

^ i , 
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C ^rom 660 

i 



For each program node n in 
the flow network, set its weight 

W[n]\o the number of 
instructions that node contains 



For each non-program node n 
in the flow network, set its 
weight W[n] to 0 



Set T to the sum of W[n] tor 
each node n In the flow 
network 



Set i to 1 , and set 
dto D (the pipelining degree) 



672 




Iterative balanced push-relabel 
algorithm that selects a cut in 
the flow network such that: 

(1) The sum of the weights W 
of upstream nodes Is between 

(1-e) T/d and (1+e) T/d. in 
which e is a (pre-defined) 
constant ranging from 0 to 1; 

(2) Given (1),the cost of the 

cut is minimized. 
The upstream nodes forms 
the ith pipeline stage. 



I 



i<-i + 1,d<-d-1,T<-T-W 
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I 



Given a flow network N = (V, E) with a 
unique source node and a unique sink 
node. Each node n has weight w[n], and 
the total weight of the flow network is T. 

I 



Set dto the balance degree, and set 6 to 
the balance variance. 



Find a minimum cut C m N using push- 
relabel algorithm, in which the nodes of 
Nare partitioned into Xand (V-X) by 
the cut. (X\s upstream to (V-X) in the 
flow network.) 



Set Wto the sum of W[n] ior each n 'mX 




^ ' ' 686 


684 


In the flow network N, collapse all the 
nodes in V-Xto the sink, and updated 
W[sink] accordingly. 


In the flow networ 
nodes in Xto the s 
W[source] 


k N, collapse all the 
ource, and updated 
accordingly. 




In the collapsed flow network N, 
select a non-source node n 

adjacent to the sink randomly; 

then collapse it to the sink and 
update l/K/sMy accordingly. 



690 



7 



i 



In the collapsed flow network N, 

select a non-sink node n 
adjacent to the source randomly; 
then collapse it to the source and 

update M//so(/rce7 accordingly. 



FIG. 14 
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f From ^ 



Elect a preliminary application program stage 

; ~ 

Select a control flow graph generated for a packet 
processing state (PPS) loop corresponding to the 
selected preliminary application program stage 

i ~ 

Remove each instruction from the control flow graph 
if it is not contained within the selected preliminary 
application program stage 

I — 

Transform the selected control flow graph according 
to variables and control objects transmitted from 
a prior state 



Reconstruct the PPS loop from the transformed control 
flow graph to perform an application program stage 




FIG. 15 
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Copy the CFG of the original PPS loop 
body, and delete the instruction not In 
this pipeline stage from the CFG 



Get the values for the variables and control 
objects that are transmitted from the 
prior pipeline stage on entry to the CFG 



For each control objects received from 
the prior pipeline stage, construct a 
conditional instruction using that control 
object and replace the original conditional 
node (or nodes) by it in the CFG. 

1 

For each variable to be transmitted to the 
next pipeline stage, put its value to a 
distinctive temporary right after its 

definition in the CFG. 

1 

For each control object to be transmitted 
to the next pipeline stage, put a different 
value to that control object in each 
alternative successor of the associate 
conditional node (or nodes) in the CFG. 

1 

Transmit the live set (including the 
temporaries for variables and the control 

objects) to the next pipeline stage at 
the exit of the CFG. 

Reconstruct the PPS loop from the 
transformed CFG. 

i 

Remove the phi nodes that are 
introduced in the SSA transformation 
from the new PPS. 



